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ABSTRACT

Background. Epidermal growth factor receptor (EGFR) and
phosphatidylinositol 3-kinase (PI3K) are involved in the prolifer-
ation and survival of many cancer types. Enhanced antitumor
activity may be achieved through combined inhibition of these
pathways. We report results for pictilisib (GDC-0941, a class I
pan-PI3K inhibitor) plus erlotinib (an EGFR tyrosine kinase inhib-
itor) in patients with advanced solid tumors.
Materials and Methods. A 31 3 dose-escalation study was car-
ried out at a starting daily dose of 60 mg pictilisib on days 1–21
of a 28-day cycle and 150 mg erlotinib from day 2 of cycle 1.
The primary objectives of the study were to assess safety and
tolerability, identify dose-limiting toxicities (DLTs), estimate the
maximum tolerated dose, and identify the recommended
phase II dose (RP2D). Evaluation of a dose-expansion cohort at
the RP2D was performed.

Results. Fifty-seven patients were treated in the study. All
patients experienced at least one adverse event (AE). Grade
�3 AEs, serious AEs, and deaths were reported in 38
(66.7%), 19 (33.3%), and 4 (7.0%) patients, respectively. DLTs
occurred in nine patients across eight cohorts and the RP2D
was determined to be 340 mg pictilisib on a “5 days on, 2
days off” schedule plus 100 mg erlotinib. Two patients (3.5%)
experienced partial response and 19 (33.3%) had stable
disease.
Conclusion. Combining pictilisib with erlotinib in patients with
advanced solid tumors is feasible; however, antitumor activity
is limited. Additional studies may identify patients likely to ben-
efit from combined inhibition of EGFR and PI3K pathways. The
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Implications for Practice: Combining drugs targeting different signaling pathways in cancer growth and survival could overcome
drug resistance and improve antitumor activity. In this first-in-human study for the combination, addition of the PI3K inhibitor
pictilisib to the EGFR tyrosine kinase inhibitor erlotinib resulted in toxicity that led to dose and schedule modifications to identify a
tolerable recommended phase II dose of 340 mg pictilisib on a “5 days on, 2 days off” schedule plus 100 mg erlotinib daily. The
limited antitumor activity observed, however, suggests that additional studies are needed to identify patients most likely to benefit
from combined EGFR and PI3K inhibition.

INTRODUCTION

Aberrant regulation of the epidermal growth factor receptor
(EGFR) pathway has been implicated in the pathophysiology of
many different cancer types [1]. The phosphatidylinositol 3-
kinase (PI3K) pathway plays a major role downstream of

receptor tyrosine kinases, such as EGFR [2], and is also fre-
quently dysregulated in cancer through a variety of mecha-
nisms [3–7]. The EGFR/PI3K/protein kinase B (AKT) pathway is
responsible for cell proliferation, survival, migration, and drug

Correspondence: Stephen Leong, M.D., Division of Medical Oncology, University of Colorado Cancer Center, 13001 E. 17th Avenue, Aurora,
Colorado 80045, USA. Telephone: 303-724-3827; e-mail: stephen.leong@ucdenver.edu Received February 15, 2017; accepted for publication
July 6, 2017; published Online First on August 10, 2017. http://dx.doi.org/10.1634/theoncologist.2017-0090

The Oncologist 2017;22:1491–1499 www.TheOncologist.com Oc AlphaMed Press 2017

New Drug Development and Clinical Pharmacology



resistance [2]. Dysregulated signaling through the PI3K pathway
may contribute to resistance to EGFR inhibition in some
tumors, and this resistance may be overcome through inhibi-
tion of components of the PI3K pathway [8–10]. Therefore,
combined inhibition of both the EGFR and PI3K pathways may
provide greater antitumor activity.

Pictilisib (GDC-0941) is an orally bioavailable class I pan-
PI3K inhibitor [11] that has been shown to inhibit the growth of
a variety of human cancers in xenograft models [12]. In
humans, pictilisib has linear pharmacokinetics (PK) when
administered at doses between 15 and 450 mg daily [13] and
has demonstrated single-agent activity in a phase I study in
patients with advanced solid tumors [13]. Erlotinib is an orally
active selective inhibitor of the EGFR receptor tyrosine kinase
[14, 15] and is approved for locally advanced or metastatic
non-small cell lung cancer (NSCLC) with activating EGFR muta-
tions, and metastatic pancreatic cancer [16].

Activated EGFR signaling can stimulate the PI3K pathway. In
addition, synergy between erlotinib and pictilisib has been
observed in NSCLC cell lines [17]. Thus, erlotinib in combination
with pictilisib may result in greater antitumor activity compared
with erlotinib alone by impacting signaling at distinct pathway
nodes and thereby preventing signaling reactivation. This phase
I study was designed to investigate the safety and PK of erloti-
nib in combination with pictilisib in patients with advanced
solid tumors.

MATERIALS AND METHODS

Eligibility Criteria
Eligible patients aged �18 years had locally advanced or meta-
static solid tumors for which there is no standard therapy, or
standard therapy had proven ineffective or intolerable for the
patient. An Eastern Cooperative Oncology Group (ECOG) per-
formance status of 0–1, adequate hematologic and end organ
function, evaluable disease or measurable disease per
Response Evaluation Criteria In Solid Tumors (RECIST) Version
1.0, and a baseline diffusing capacity of the lungs for carbon
monoxide (DLCO) �50% of the predicted value corrected for
hemoglobin and alveolar volume were required. Major exclu-
sion criteria were prior PI3K-inhibitor treatment and diabetes
requiring daily medication. Patients with a history of smoking
must have stopped�2 weeks before the start of treatment.

Study Design and Treatment
This was a phase I, open-label, multicenter, 31 3 dose-
escalation study of pictilisib combined with erlotinib in patients
with advanced solid tumors, followed by evaluation of a dose-
expansion cohort, which was planned to include up to 20
patients, at the recommended phase II dose (RP2D).

Pictilisib was administered at a starting dose of 60 mg daily
on days 1–21 of a 28-day cycle (21/28) and erlotinib at a dose
of 150 mg daily from day 2 of the first cycle in cohort 1. Due to
the risk of overlapping toxicity, especially rash, the starting dose
of pictilisib was less than half the highest tolerable dose of
single-agent pictilisib at the time that this study was started
[13]. The total number of dose-escalation cohorts evaluated in
the study was eight.

The primary objectives of the study were to assess the
safety and tolerability of pictilisib plus erlotinib, to identify

dose-limiting toxicities (DLTs) and estimate the maximum toler-
ated dose (MTD), and to identify the RP2D in patients with
advanced solid tumors. The secondary objectives included char-
acterization of the PKs and antitumor activity of pictilisib and
erlotinib.

The study was conducted in full accordance with the guide-
lines for Good Clinical Practice. Institutional review board/
ethics committee approval was obtained for the protocol,
patient recruitment material, the Informed Consent Forms, any
information given to the patient, and relevant supporting infor-
mation. The study was registered on ClinicalTrials.gov
(NCT00975182).

Safety Evaluations
Patients were assessed by physical examination, vital signs, and
hematology and serum chemistry at baseline and throughout
the study. An electrocardiogram was performed at baseline, at
the end of cycle 1, at study completion, and at any other time
as clinically indicated. DLCO was assessed at baseline to deter-
mine eligibility, and during the study for any patient with new
or worsening dyspnea or cough, decrease of �5% in resting
oxygen saturation, or change in pulmonary clinical examination.

Treatment-emergent adverse events (AEs) were recorded
and graded according to National Cancer Institute-Common
Terminology Criteria for Adverse Events (NCI-CTCAE) Version
3.0. A DLTwas defined as a study drug-related toxicity occurring
during cycle 1, including the following: (a) grade �3 nonhema-
tologic, nonhepatic organ toxicity, excluding grade 3 nausea,
vomiting, or diarrhea that resolved to grade �1 within 7 days
and grade 3 rash that resolved to grade �2 within 7 days; (b)
grade�3 febrile neutropenia; (c) grade�4 neutropenia lasting
>5 days; (d) grade �4 thrombocytopenia lasting >48 hours;
(e) grade �4 anemia; (f) grade �3 elevations in total bilirubin,
hepatic transaminase (alanine aminotransferase [ALT] or aspar-
tate aminotransferase [AST]), amylase, or lipase lasting >72
hours (for patients with grade 1 hepatic transaminase at base-
line as a result of metastases, hepatic transaminase �7.5 3

the upper limit of normal was considered a DLT); (g) grade �2
DLCO concomitant with a decrease of�20% from baseline.

During the DLT assessment window, patients who withdrew
from treatment or who missed 5 or more days of treatment
without experiencing a DLT were replaced. In addition to this,
patients requiring dose modifications of either drug for reasons
other than a DLT were considered DLT-unevaluable and were
replaced.

The MTD was defined as the highest dose at which fewer
than one-third of at least six DLT-evaluable patients had a dose-
limiting toxic event during cycle 1.

Antitumor Assessments
Tumor assessments were carried out at screening and at the
end of every other cycle of treatment, beginning in cycle 2.
Tumor assessments included high-resolution computed tomog-
raphy (CT) scan of the chest and CT scans of the abdomen and
pelvis with bone scans and/or brain imaging by CT or magnetic
resonance imaging as clinically indicated. The best overall
response, based on investigator assessment using RECIST Ver-
sion 1.0 and confirmed �4 weeks after initial documentation,
was recorded.
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Pharmacokinetic Assessments
In cohort 1, blood samples were taken for PK assessment
before and after dosing on days 1, 2, 15, and 16 of cycle 1, and
at study completion (samples for both pictilisib and erlotinib
analysis), and from cohort 2 onwards, before and after dosing
on day 1 (sample for pictilisib analysis only) and then on days 2,
5, 8, and 15 of cycle 1, and at study completion (samples for
both pictilisib and erlotinib analyses). Serial blood samples
were drawn for up to 3 hours after dosing for cohort 1 and for
up to 6 hours after dosing from cohort 2 onwards. The PK of
pictilisib was characterized using the following parameters:
total exposure, maximum and minimum observed plasma con-
centrations, and accumulation ratio. For erlotinib, observed
predose plasma concentrations were measured and were com-
pared with historical data.

Biomarker Assessments
Deoxyribonucleic acid was extracted from archival and fresh
formalin-fixed paraffin-embedded tumor tissue and assessed
using a quantitative reverse transcription polymerase chain
reaction six-gene mutation panel designed to detect the most
common mutations in the EGFR, Kirsten rat sarcoma viral onco-
gene homolog (KRAS), phosphatidylinositol-4,5-bisphosphate
3-kinase catalytic subunit alpha (PIK3CA), neuroblastoma RAS
viral oncogene homolog (NRAS), BRAF, and protein kinase B
(AKT1) oncogenes, as previously described [18]. The assays
allowed detection of 17 mutations in PIK3CA, 18 in KRAS, and
43 in EGFR (supplemental online Table 1).

Statistical Analysis
Design considerations were not made with regard to explicit
power and type I error considerations, but to obtain prelimi-
nary safety and PK information. No formal hypotheses were
tested in this study, and all analyses were descriptive and
exploratory. Data were summarized by dose and schedule
unless otherwise stated. The data cutoff was August 29, 2014.

RESULTS

Patient Characteristics
A total of 58 patients were enrolled in the study; 53 of these
were enrolled in the dose-escalation stage, and 5 were enrolled
in the cohort-expansion stage. All but one patient, who was
withdrawn due to elevated AST prior to treatment, were
treated with pictilisib plus erlotinib. The median age of all
treated patients was 58 years (range 32–78) and 56.1% were
male (Table 1). Colorectal (13 patients), NSCLC (11 patients),
and mesothelioma (5 patients) were the most common pri-
mary cancer diagnoses (Table 1). The majority of patients
(66.7%) had an ECOG performance status of 1 (Table 1). The
most common site of disease involvement was lung (50.9%),
followed by liver (36.8%), then mediastinum (24.6%). Patient
demographics were similar across all treatment groups in both
stages of the study.

Safety and Dose-Limiting Toxicities
Eight cohorts were evaluated in the dose-escalation stage of
the study. An overview of the doses and schedules of pictilisib
and erlotinib evaluated in each of these cohorts and in the
cohort-expansion stage is provided in Figure 1. Patients in
cohorts 1–6 were treated with pictilisib capsules, whereas

those in cohorts 7 and 8, and in the cohort-expansion stage of
the study, received pictilisib tablets.

Overall, the median duration of exposure for both erlotinib
and pictilisib was 56 days (range 7–910 days). Table 2 shows the
all-grade AEs regardless of attribution that occurred in�20% of
patients and the corresponding grade �3 AEs by preferred
term for each cohort in the study. All patients in the study expe-
rienced at least one AE. The most common AEs were diarrhea
(70.2%), nausea (54.4%), fatigue (54.4%), and rash (49.1%).
Grade �3 AEs occurred in 38 patients (66.7%); the most

Table 1. Baseline demographics

Characteristic n 5 57, n (%)

Median age, years (range) 58 (32–78)

Age category

<65 years 40 (70.2)

�65 years 17 (29.8)

Male gender 32 (56.1)

ECOG performance status

0 17 (29.8)

1 38 (66.7)

Missing 2 (3.5)

�1 prior systemic therapy 55 (96.5)

Primary cancer diagnosis

Colorectal 13 (22.8)

Non-small cell lung 11 (19.3)

Mesothelioma 5 (8.8)

Head and neck 4 (7.0)

Pancreatic 3 (5.3)

Ovarian 3 (5.3)

Synovial sarcoma 2 (3.5)

Melanoma 2 (3.5)

Parotid gland 2 (3.5)

Renal cell 2 (3.5)

Bladder 1 (1.8)

Gastric 1 (1.8)

Prostate 1 (1.8)

Ileocecum adenocarcinoma 1 (1.8)

Basal cell carcinoma (right nostril) 1 (1.8)

Cholangiocarcinoma 1 (1.8)

Duodenum 1 (1.8)

Ewing sarcoma 1 (1.8)

Neuroendocrine carcinoid 1 (1.8)

Unknown 1 (1.8)

Mutation analysis of archival tissue n 5 40, n (%)

KRAS mutation 9 (22.5)

EGFR mutation 2 (5.0)

PIK3CA mutation 1 (2.5)a

aOne patient with NSCLC harbored mutations in both PIK3CA and
EGFR.
Abbreviations: ECOG, Eastern Cooperative Oncology Group; EGFR,
epidermal growth factor receptor; KRAS, Kirsten rat sarcoma viral
oncogene homolog; NSCLC, non-small cell lung cancer; PIK3CA,
phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic subunit-alpha.
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common of which were rash and increased ALT, which occurred
in six patients (10.5%) each, and lymphopenia, which occurred
in five patients (8.8%). Serious AEs (SAEs) were reported in a
total of 19 patients (33.3%; Table 3). Three patients each experi-
enced SAEs of abdominal pain and dyspnea. Diarrhea, pulmo-
nary embolism, and pneumonia occurred in two patients each.
No other SAE occurred in more than one patient.

At the time of data cutoff, all patients had discontinued
from the study. The reasons for study discontinuation were dis-
ease progression (n 5 35 patients; 61.4%), AEs (n 5 11; 19.3%),
patient or physician decision (n 5 8; 14.1%), or death (n 5 3;
5.3%). The 11 patients (19.3%) who discontinued the study due
to AEs included 10 of the 25 patients treated with 150 mg erlo-
tinib (cohorts 1–3) and one of the 32 patients treated with
100 mg erlotinib (cohorts 4–8 and the dose-expansion cohort).
Sixteen (28.1%) and 19 (33.3%) patients discontinued pictilisib
and erlotinib, respectively, due to an AE. A total of 20 AEs led
to discontinuation of both study drugs in 15 patients. These
were increased ALT levels (four events), rash (two events), and
acute renal failure, ascites, increased AST, cerebral ischemia,
dehydration, diarrhea, dyspnea, fatigue, malaise, disease pro-
gression, pulmonary embolism, pyrexia, syncope, and ulcera-
tive colitis (one event each).

In total, four patients (7.0%) died during the study (Table
3); the causes of death were disease progression, arterial hem-
orrhage, dyspnea, and cardiac failure. The event of arterial
hemorrhage was assessed by the investigator as related to
study treatment and occurring as a result of tumor regression
at the right pulmonary artery. All other fatal events were con-
sidered unrelated to study treatment by the investigators.

Cohort 1 (pictilisib 60 mg 21/28 and erlotinib 150 mg)
exceeded theMTD, with three of the eight patients experiencing

DLTs (Table 4). A 64-year-old female with melanoma experienced
grade 3 dyspnea on day 12 and discontinued all study treatment.
A 54-year-old female with ovarian cancer had grade 2 increased
ALT on day 22, which worsened to grade 3 on day 29. Study
treatment was interrupted due to increased ALT levels that sub-
sequently improved to grade 1 on day 36. Upon retreatment,
this patient experienced recurrence of grade 3 increased ALT lev-
els, and treatment was discontinued on day 43. Finally, a 48-
year-old female with colorectal cancer experienced grade 4
ulcerative colitis on day 9 that resolved on day 23; treatment
was permanently discontinued on day 38 due to the event.

As the MTD was exceeded in cohort 1, the pictilisib dosing
schedule was changed to 5 consecutive days of treatment, fol-
lowed by 2 consecutive dose holidays (“5 days on, 2 days off”
[5/2]) in subsequent cohorts, starting with a dose of 30 mg in
cohort 2. The dose of erlotinib in cohorts 2 and 3 was 150 mg.
No DLTs were observed in cohort 2 (pictilisib 30 mg 5/2 and
erlotinib 150 mg).

Four of six DLT-evaluable patients experienced a DLT in
cohort 3 (pictilisib 60 mg 5/2 and erlotinib 150 mg) and thus
this combined dose exceeded the MTD (Table 4). Grade 3
mucosal inflammation occurred on day 19 in a 76-year-old
male patient with NSCLC. With treatment interruption, the
mucosal inflammation improved to grade 2 on day 24. Grade 4
venous thrombosis of the left leg was experienced on day 29
by a 58-year-old male patient with gastric cancer. Treatment
was initiated with nadroparin and antiembolism stockings and
study treatment was withheld until day 43. Grade 3 elevations
in ALT occurred in a 66-year-old female patient with colorectal
cancer on day 29, which led to permanent discontinuation of
study treatment on day 43. Grade 2 rash was reported on day 3
in a 38-year-old male patient with synovial sarcoma, which
worsened to grade 3 rash on day 8, resulting in study treatment
being permanently discontinued.

Given that pictilisib 60 mg 5/2 and erlotinib 150 mg (cohort
3) exceeded the MTD, the erlotinib dose was reduced to
100 mg starting in cohort 4. There were no DLTs in cohort 4
(pictilisib 60 mg 5/2 and erlotinib 100 mg) or cohort 5 (pictilisib
100 mg 5/2 and erlotinib 100 mg). One patient (a 47-year-old
male with colorectal cancer) in cohort 6 (pictilisib 165 mg 5/2
and erlotinib 100 mg) had a DLTof grade 3 abdominal pain (day
16). An x-ray on day 20 revealed constipation. The patient
received sodium phosphate dibasic, laxatives, morphine, and
fentanyl, and remained on study treatment. No DLTs were
observed in cohort 7 (pictilisib 250 mg and erlotinib 100 mg).
One patient (a 61-year-old female with NSCLC) in cohort 8 (pic-
tilisib 340 mg 5/2 and erlotinib 100 mg) experienced DLTs of
grade 3 facial edema and skin toxicity on day 12 that resulted
in treatment interruption. The patient received prednisolone
for facial edema, which resolved on day 13; the remainder of
the skin toxicity was considered resolved on day 38 (Table 4).

On the 5/2 pictilisib dosing schedule with 100 mg erlotinib,
the MTD of pictilisib was not reached at doses evaluated up to
the single-agent MTD of 340 mg. Therefore, 340 mg pictilisib 5/
2 was the maximum-administered dose used in this study.
Additional patients were enrolled to a cohort-expansion stage
to assess the tolerability and antitumor activity of 340 mg picti-
lisib 5/2 schedule plus 100 mg erlotinib daily in 28-day cycles.
Safety in the cohort-expansion stage of the study was compara-
ble to that observed in cohort 8 (pictilisib 340 mg 5/2 and erlo-
tinib 100 mg) of the dose-escalation stage.

 stneitap fo rebmuNtrohoC
enrolled per cohort

Pictilisib 21/28 days/
erlotinib daily

60 mg/150 mga

30 mg/150 mga

60 mg/150 mga

60 mg/100 mga

100 mg/100 mga

165 mg/100 mga

250 mg/100 mgb

340 mg/100 mgb 

340 mg/100 mgb

1 n = 8

n = 7

n = 10

n = 3

n = 5

n = 7

n = 4

n = 8

n = 5Dose-expansion
cohort

2

3

4

5

6

7

8

Erlotinib dose reduced to 100 mg

Pictilisib schedule amended to 5/2 days

Figure 1. Dosing cohorts and dose levels. aPatients were treated
with pictilisib capsules. bPatients were treated with pictilisib
tablets.
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Table 3. Summary of AEs

Cohort
Dose of pictilisib/
erlotinib, mg

1
(n 5 8)
60/150a

2
(n 5 7)
30/150b

3
(n 5 10)
60/150b

4
(n 5 3)
60/100b

5
(n 5 5)
100/100b

6
(n 5 7)
165/100b

7
(n 5 4)
250/100c

8
(n 5 8)
340/100c

Dose-
expansion
(n 5 5)
340/100c

All
(n 5 57)

n (%)

Deaths 1 (12.5) 0 0 0 0 0 0 2 (25.0) 1 (20.0) 4 (7.0)

SAEs 4 (50.0) 2 (28.6) 1 (10.0) 0 3 (60.0) 3 (42.9) 1 (25.0) 4 (50.0) 1 (20.0) 19 (33.3)

Study withdrawals
due to AE

5 (62.5) 0 5 (50.0) 1 (33.3) 0 0 0 0 0 11 (19.3)

Pictilisib withdrawals
due to AE

7 (87.5) 1 (14.3) 5 (50.0) 1 (33.3) 0 0 1 (25.0) 1 (12.5) 0 16 (28.1)

Erlotinib withdrawals
due to AE

7 (87.5) 1 (14.3) 6 (60.0) 1 (33.3) 1 (20.0) 0 1 (25.0) 1 (12.5) 1 (20.0) 19 (33.3)

aPatients were treated with pictilisib capsules on a 21/28-day dosing schedule.
bPatients were treated with pictilisib capsules on a “5 days on, 2 days off” dosing schedule.
cPatients were treated with pictilisib tablets on a “5 days on, 2 days off” dosing schedule.
Abbreviations: AE, adverse event; SAE, serious adverse event.

Table 4. Summary of DLTs observed during the study

Cohort and dose level:
pictilisib/erlotinib, mg

Patients with DLT/
DLT-evaluable patientsa

in each cohort DLTs experienced

Cohort 1: 60/150b 3/8 Dyspnea, ALT increase, ulcerative colitis

Cohort 2: 30/150c 0/3 —

Cohort 3: 60/150c 4/6 Mucosal inflammation, venous thrombosis, ALT increase, rash

Cohort 4: 60/100c 0/3 —

Cohort 5: 100/100c 0/3 —

Cohort 6: 165/100c 1/6 Stomatitis

Cohort 7: 250/100d 0/3 —

Cohort 8: 340/100d 1/6 Facial edema, skin toxicity

Dose-expansion: 340/100d 0/5 —
aPatients who withdrew from the study or who missed �5 scheduled doses of pictilisib or erlotinib prior to day 28 for reasons other than a DLT
were considered unevaluable for DLTs.
bPatients were treated with pictilisib capsules on a 21/28-day dosing schedule.
cPatients were treated with pictilisib capsules on a “5 days on, 2 days off” dosing schedule.
dPatients were treated with pictilisib tablets on a “5 days on, 2 days off” dosing schedule.
Abbreviations: —, not applicable; ALT, alanine aminotransferase; DLT, dose-limiting toxicity.

Table 5. Best confirmed response

Cohort
Dose of pictilisib/
erlotinib, mg

1
(n 5 8)
60/150a

2
(n 5 7)
30/150b

3
(n 5 10)
60/150b

4
(n 5 3)
60/100b

5
(n 5 5)
100/100b

6
(n 5 7)
165/100b

7
(n 5 4)
250/100c

8
(n 5 8)
340/100c

Dose-
expansion
(n 5 5)
340/100c

All
(n 5 57)

Best confirmed response, n (%)

Partial response 0 0 0 1 (33.3) 1 (20.0) 0 0 0 0 2 (3.5)

Stable disease 1 (12.5) 4 (57.1) 1 (10.0) 1 (33.3) 3 (60.0) 3 (42.9) 3 (75.0) 3 (37.5) 0 19 (33.3)

Progressive disease,
radiographic

4 (50.0) 2 (28.6) 5 (50.0) 1 (33.3) 1 (20.0) 3 (42.9) 1 (25.0) 4 (50.0) 2 (40.0) 23 (40.4)

Progressive disease,
clinical only

0 1 (14.3) 0 0 0 0 0 0 0 1 (1.8)

Not evaluable 3 (37.5) 0 4 (40.0) 0 0 1 (14.3) 0 1 (12.5) 3 (60.0) 12 (21.1)
aPatients were treated with pictilisib capsules on a 21/28-day dosing schedule.
bPatients were treated with pictilisib capsules on a “5 days on, 2 days off” dosing schedule.
cPatients were treated with pictilisib tablets on a “5 days on, 2 days off” dosing schedule.
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Antitumor Activity
The best confirmed response was partial response in 2 patients
(3.5%) and stable disease in 19 patients (33.3%; Table 5). Of the
two patients who experienced an objective response, one
patient had mesothelioma and the other had cancer of the
parotid gland. The duration of time on study for each patient

included in the study is shown in Figure 2. The two patients
with the longest time on study (>900 days) were from cohort
2 (pictilisib 30 mg 5/2 and erlotinib 150 mg) and cohort 7 (picti-
lisib 250 mg 5/2 and erlotinib 100 mg). Mutation analysis was
carried out on archival tissue from a total of 40 patients. From
the available archival tissue, nine patients (22.5%) had a KRAS
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Figure 2. Time on study by dose regimen.
aPatients were treated with pictilisib capsules.
bPatients were treated with pictilisib tablets.
cPatients who had a best confirmed response of partial response.
Abbreviations: –, no mutation detected; B, bladder; Ba, basal cell carcinoma; C, colorectal; Ch, cholangiocarcinoma; D, duodenum; E,

Ewing sarcoma; EGFR, epidermal growth factor receptor; G, gastric; H, head and neck; I, ileocecum carcinoma; KRAS, Kirsten rat sarcoma
viral oncogene homolog; L, non-small cell lung; M, melanoma; Me, mesothelioma; N, neuroendocrine carcinoid; NT, not tested (mutation
status); O, ovarian; Pa, pancreatic; Pg, parotid gland; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic subunit-alpha; Pr,
prostate; R, renal cell; S, synovial sarcoma; U, unknown.
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mutation, one (2.5%) had an EGFR mutation, and one (2.5%)
had both an EGFR and a PIK3CA mutation (Table 1). No KRAS,
EGFR, or PIK3CA mutations were present in the archival tumor
tissue from either of the patients who experienced a partial
response (Fig. 2). For the two patients who were on the study
for the longest duration, no mutations were identified in the
archival tissue from one patient, and no archival tissue was
available for testing for the second patient (Fig. 2).

Pharmacokinetics
Pharmacokinetics data were collected to evaluate whether
there was any interaction between the study drugs. Preliminary
PK data showed no evidence of a drug-drug interaction
between erlotinib and pictilisib (data not shown; to be pub-
lished separately).

DISCUSSION

Pictilisib inhibits all four isoforms of PI3K class I (a, b, g, and d)
[19, 20]. In the single-agent phase I study, the RP2D for pictilisib
capsules was 330 mg daily (equivalent to 340 mg tablet formu-
lation) with no dosing holiday with on-target pharmacodynamic
activity [13]. Grade 1–2 nausea, rash, and fatigue were the most
common toxicities, and there was evidence of antitumor activity
in patients with and without PI3K pathway dysregulation [13].

In this phase Ib study of pictilisib in combination with erloti-
nib in patients with advanced solid tumors, the initial pictilisib
dosing schedule (60 mg on a 21/28 schedule) was poorly toler-
ated when combined with 150 mg erlotinib. The change in the
pictilisib dosing schedule to a 5/2 schedule together with
reduction of the erlotinib dose to 100 mg improved tolerability
such that doses of pictilisib up to 340 mg (the single-agent
MTD) were tolerated. Thus, the RP2D of 340 mg pictilisib on a
5/2 schedule with daily 100 mg erlotinib had an acceptable
safety profile in the treatment of patients with advanced solid
tumors. The AE profile of this treatment combination was in
line with previous reports of these drugs as single agents and
there was no evidence of drug-drug interactions. However,
combining pictilisib with erlotinib exhibited only modest antitu-
mor activity, with 2 of the 57 patients included in the study
experiencing an objective response.

Pictilisib has also been studied in combination with hor-
mone therapies and chemotherapy in hormone receptor (HR)
positive breast cancer [21–23] and NSCLC (NCT01493843,
NCT00974584). When pictilisib was administered at the single-
agent MTD (340 mg) in combination with approved doses of
fulvestrant in patients with HR positive breast cancer in the
FERGI study, the safety profile was similar to that observed for
pictilisib in previous studies [21]. During the course of the
study, the dose of pictilisib was lowered to 260 mg in an effort
to improve long-term tolerability [21]. Similarly, pictilisib was
administered at a dose of 260 mg in combination with pacli-
taxel in the PEGGY study [22], and the OPPORTUNE study dem-
onstrated a significantly more favorable skin toxicity profile
with 260 mg pictilisib in combination with anastrozole versus
the same combination with 360 mg pictilisib in patients with
preoperative early breast cancer [23]. In a phase I trial of pictili-
sib with various standard-of-care chemotherapy backbones in
patients with NSCLC, pictilisib was tolerated at 340 mg
(NCT00974584; publication pending). Pictilisib was subse-
quently examined at this dose in combination with carboplatin

and paclitaxel in patients with squamous NSCLC, and at
340 mg and 260 mg in combination with carboplatin, pacli-
taxel, and bevacizumab in patients with nonsquamous NSCLC
(NCT01493843; publication pending). However, despite evalu-
ating two different doses in combination with multiple
standard-of-care therapies in breast and lung cancer, the addi-
tion of pictilisib has not led to any significant benefit. Overall,
combination toxicity appears to limit long-term pictilisib dos-
ing, and thus may result in lack of additional benefit for the pic-
tilisib combinations when compared with the active standard-
of-care comparators [21]. In our study, the combination of pic-
tilisib with erlotinib required a reduction in the dose of erloti-
nib from 150 mg (the recommended dose for NSCLC harboring
mutations in EGFR) to 100 mg before acceptable toxicity was
achieved. This further limits the potential for the combination
moving forward.

One limitation of this study is the lack of pharmacodynamic
assessments, which means that the impact of pictilisib dose
and schedule in combination with 100 mg erlotinib on pathway
inhibition remains unknown. Extensive pharmacodynamic
assessment previously performed with single-agent pictilisib
[13] showed consistent pathway modulation only in a subset of
patients receiving 330–450 mg pictilisib, but the effects of com-
bining pictilisib and erlotinib on downstream pathway markers
still requires investigation. Another limitation is the lack of
extensive genomic profiling, which could provide some insight
into other mechanisms that contribute to PI3K pathway activa-
tion that were not assessed in this study.

In addition to pictilisib, another pan-PI3K class I inhibitor,
pilaralisib, has been investigated in a phase I study in combina-
tion with erlotinib for the treatment of solid tumors [24]. In
contrast to the current study, 400 mg pilaralisib (less than the
single-agent MTD of 600 mg pilaralisib) was tolerated in combi-
nation with 150 mg erlotinib and was determined to be the
MTD for the combination [24].

Phosphatidylinositol 3-kinase inhibitor treatment combina-
tions, including those with erlotinib, are feasible but are often
associated with additional toxicity. Despite ongoing efforts to
target therapy to actionable mutations in trials such as NCI
MATCH (NCT02465060), it is notable that neither of the
patients who had a partial response in our study had any EGFR,
KRAS, or PIK3CA mutations. To achieve a broader therapeutic
window, alternative strategies may include combination with a
monoclonal antibody, use of a more selective PI3K inhibitor in a
biomarker-defined patient population, or identification of addi-
tional predictive biomarkers.

CONCLUSION
Combining pictilisib at a dose of 340 mg daily on a 5/2 schedule
with erlotinib at 100 mg daily to achieve dual inhibition of the
PI3K and EGFR pathways is feasible in patients with advanced
solid tumors. However, given the limited antitumor activity
observed, additional studies are needed to identify the patients
most likely to derive benefit from combined EGFR and PI3K
inhibition.
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